Enthalpy distribution functions for the unwinding of a short DNA duplex.
In this article we use the published heat capacity data of Dragan et al. (J Mol Biol 2003, 327, 293-411) for a short DNA duplex to calculate the enthalpy probability distribution for this species as a function of temperature. Our approach is based on a procedure that we developed (Poland, D. J Chem Phys 2000, 112, 6554) whereby one obtains moments of the enthalpy distribution from the temperature dependence of the heat capacity. One then uses the maximum-entropy method to construct the enthalpy probability distribution from the set of enthalpy moments. For the DNA duplex treated here the heat capacity goes through a maximum as a function of temperature reflecting the unwinding of the duplex structure. In the neighborhood of the heat capacity maximum, the enthalpy distribution functions show a clear bimodal structure, indicating the coexistence of two distinct states, the duplex and the single-strand state. The probabilities of theses two states can be estimated from the enthalpy distribution functions and can be used to calculate the temperature dependence of the equilibrium constant for the unwinding of the DNA duplex. This example illustrates that the temperature dependence of the heat capacity can be used to give a detailed picture of conformational transitions in biological macromolecules. In particular, the structure of the enthalpy distribution in this case allows one to see the temperature evolution of the two-state distribution in detail.